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1. INTRODUCTION 


Rowan Williams Davies & Irwin Inc. (RWDI) has undertaken this study to assess the thermal 
impacts of the North-South Section of the Red Hill Creek Expressway (RHCE) on the City of 
Hamilton, City of Stoney Creek and within the Red Hill Creek Valley. The objective of this study 
is to estimate the “worst case” impacts on ambient temperature and humidity that could occur as a 
result of the removal of trees in the Red Hill Creek Valley as a part of the development of the RHCE. 


This study was initiated after a member of the public requested it at a stakeholder meeting. 


There are several microclimate factors to consider when examining the alteration of thermal 
effects as a result of the construction and operation of the RHCE. Some of these changes include 
available moisture, heat storage, airflow patterns, and surface topography. The effect of any one of 
these could be more important than the others or there could be a synergistic effect between any 


number of them. 


The impact zones of interest include the City of Hamilton, the City of Stoney Creek and the 
Red Hill Creek Valley, both overall and within the local microclimate of small regions within the 
valley. A qualitative analysis is all that will be possible for the larger zones due to the intensely 
complex physical environment and the interconnected contributing factors involved (such as meso- 
scale wind and temperature variability). A more quantitative approach can be taken for small local 


areas, as the physical changes experienced over a smaller area are less diverse. 


A “screening level” numerical model has been developed by RWDI which calculates the 
change in surface air temperature based on the incoming solar radiation and thermal properties of 
the surface being irradiated. It then calculates the extent downwind that this “thermal plume” 
impacts. In this study, there are several surfaces that need to be considered including the tree-top 


canopy, grassland, bare soil, and black asphalt road surface. 
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1.1 Literature Search 


A literature search was performed, both in-house and at the University of Guelph to see if 
any similar studies had been undertaken. Very little directly related material in ‘peer reviewed’ 


documentation was found. 
1.2 Glossary of Terms 


A glossary of meteorological and thermal terms was prepared in Appendix A to help the 


reader with the terminology used in this report. 
1.3 Key Findings 


It is expected that the “worst case” thermal loading effects, on temperature and humidity, will 
result in: an insignificant effect on the City of Hamilton, an insignificant effect on the City of Stoney 
Creek and a minor effect within the Red Hill Creek Valley beyond the limits of the RHCE. It is also 
expected that the “worst case” effects will occur within the Red Hill Creek Valley during clear, 


nighttime conditions. 
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2. REGIONAL IMPACTS 


Appendix B contains two tables showing the areai amount of land classified by various land 
uses. Table B1 shows data provided by Geomatics International Inc., as calculated from a satellite 
image of the west end of Lake Ontario on July 31, 1997. Table B2 shows data provided by Dougan 
& Associates, as determined from site surveys. There are some similarities and some differences 
in the two tables due to the methods used to calculate the land areas, and classification of land use. 
Satellite data is interpreted based on a ‘top-view looking down’ approach, and is limited by the 
resolution of the satellite image. Data presented by Dougan & Associates does not include bodies 
of water, nor does it include non-natural areas, such as roads, buildings, etc. Some comparison is 
possible by a judicious selection of classification schemes between the two tables, and sufficiently 


similar values can be found. 


The area shown in the column “Direct Impact Zone” in Table B2 is the area that will be 
excavated, filled, graded or in some way disrupted by the construction of the expressway. The loss 
of natural area in the Red Hill Creek Valley as a result of the construction of the RHCE is expected 
to be about 74 ha. Of this 74 ha, about 35 ha is classed as natural woodland, with an additional 
28 ha classed as successional forest and meadow. The 74 ha includes land related to the stream 
realignment, of which some will be re-vegetated. However, construction of the expressway will 
require approximately 22 ha directly for paving, leaving at most about 52 ha available to be re- 


vegetated. 


Thermal loading impacts on the larger scale area (i.e., the City of Hamilton, City of Stoney 
Creek) are expected to be insignificant due to the fact that the proposed expressway will cause only 


a small incremental increase in total road surface and decrease in total wooded area. 


Currently, the area represented by roads (Table B1) in the City of Hamilton and the City of 
Stoney Creek is about 16.0% of the total land use. The incremental increase by the addition of 


approximately 22 ha of pavement in the Red Hill Creek Valley will only bring this value to 16.1%. 
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The amount of land classified as natural area (i.e. forest, wetland, grassed in Table B1) in the 
two cities is about 25.3%. The removal of 74 ha of natural lands, the estimated total possible loss 


as a result of the RHCE, would reduce this to 25.0%. 


It should be noted that natural areas, specifically forested areas, are responsible for the 
regulation of many thermal properties of the atmosphere. ‘Urban Heat Island Effect’ arises from the 
increased storage of heat in a city during the day with a slower release of heat during the night. As 
a result, temperatures in and over the city are higher than the surrounding countryside. Forested 
areas within a city help to control this effect by reducing the amount of stored heat, through various 
mechanisms, causing the temperature profile over the city to be more like that of the surrounding 
rural areas. The amount of forest in the cities of Hamilton and Stoney Creek is currently small and 
although the incremental loss associated with the proposed expressway will be relatively small, it 
is desirable to minimize all further losses of forested area, however small they may be. This will 


ensure that incremental losses of wooded area do not accumulate to produce a significant effect. 
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3. LOCAL IMPACTS 
Local impacts on the Red Hill Creek Valley can be estimated quantitatively more readily than 
is possible for the regional area. Local impacts will be more directly related to the temperature 
structure near the roadway. An estimate of these effects can be made using an approximate 
numerical thermal model developed by RWDI. 


3.1 Thermal Model 


The temperature of a road surface is principally dependent on the following heat transfer 


mechanisms: 
° net long-wave radiation from the road surface to the sky; 
° daytime solar heating of the road surface; 
° wind flow over the exposed surfaces (convection); 
° heat loss or gain associated with precipitation and change of state (i.e., freezing or 
melting) of the precipitation in contact with the road surface; 
° heat associated with vehicles exhaust emissions and other vehicle heat; and 
° conduction from the road surface. 
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All of these heat transfer mechanisms can be used to formulate an equation to ensure that the 


principle of heat conservation is observed (i.e., heat energy flowing into or out of the roadway will 


cause a corresponding temperature rise or loss). Using hourly meteorological data representative 


of the area as the inputs, it is possible to solve the heat conservation equation and determine what 


the road surface temperature will be at hourly intervals, and subsequently the air temperature above 


the road. Calculations can then be performed to estimate the extent that this ‘thermal plume’ impacts 


beyond the roadway. Appendix C presents the equations used in the thermal model. 


3.2 Modelling Assumptions 


Impacts to the thermal model were selected to be representative of worst-case conditions for 


thermal impact. The following assumptions were made: 


RWDI 


cloudless skies; 


sources of thermal energy are the sun and moving vehicles only; 


fuel consumption is an average value of 12 litres/100 km (Government of Canada, 
1991) and the fuel has a typical thermal content of 36 MJ/L; 


average vehicle speed is 90 km/h; 


thermal properties are constant over a specified depth of the surface layer; 


hourly meteorological data were taken from the MOE Woodward Station; 


solar, radiation data were taken from the AES Toronto City Station; 


dispersion of the thermal plume was determined using a Gaussian model with urban 


dispersion coefficients; and, 


Table 1 shows other relevant parameters used in the modelling. 


DRAFT - Thermal Dynamics Impact Assessment - June 11, 1998 
Page 6 Red Hill Creek Expressway - Project #97-207-6RAD_REV1 


3.3 Overview of Key Factors 


One important factor that can influence the iocal thermal climate is the traffic flow. 
Vehicular contributions to the thermal balance are a function of three principal modes: heat from the 
combustion of fuel, which is discharged to the air at the tailpipe; heat associated with combustion 
and the friction of internal moving parts, which is transferred to the air via the engine cooling system 
and by direct transfer from warm engine surfaces; and frictional heat transferred to the road surface 
via the vehicle tires. The dominant contribution (over 90% of the total vehicle contribution) comes 


from the combustion of fuel, and the engine cooling system. 


Another important factor is the thermal property of the road surface and adjacent surfaces. 
A transect from the middle of the road out to the mature vegetation beyond the physical/mechanical 
impact zone of the RHCE would show a distinct change in the surface characteristics. The roadway 
surface will be asphalt, the shoulder will likely be gravel, followed by low level vegetation such as 
grass. After leaving the roadway, there will be various types and heights of vegetation to the limits 


of the disturbed area where there will be forest. 


As can be seen in Table 1, different surface covers have different thermal properties. Asa 
result, some surfaces will heat up more quickly than others. In order to account for these surface 
variations in predicting heat fluxes within the direct impact zone, the properties shown in Table 1 
were averaged according to the proportion of each type of surface present at each transect that was 


modelled. 
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Table 1: Radiative Properties of Surfaces 


Other Specific Thermal 
Specifications Heat Conductivity 
(J/kg K) (W/m K) 


Density 
(kg/m°*) 


same as 
underlying underlying 
soil soil 


n/a - not applicable 
Source: References | to 4 
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3.4 Assessment of Impacts 


Significant increases in heating or cooling of the forest are of potential concern as these could 
have consequences for the forest ecosystem. Thermal effects resulting from the RHCE are expected 
to range between two extremes: the first associated with daytime summer hours and strong incoming 
solar radiation (insolation); and the second associated with nighttime spring and autumn hours 
having clear skies and light winds. In the former case, the RHCE will act as a heat source, and, in 


the latter, a heat sink. 


During daytime summer hours, when the sun is shining, a regime where the temperature is 
higher and the relative humidity lower over the roadway than in neighbouring forested areas is 
created. This regime is expected to have less impact on the forest microclimate than the nighttime 
conditions since convective transport of sensible heat will be upwards over the roadway, and 
downwards within the forest. This will tend to result in cooler air being drawn out of the forest 
towards the road, rather than hot, dry air being forced into the forest. These buoyancy induced 
effects are not considered by the numerical model. Therefore model predictions will overestimate 


thermal impacts in adjacent areas for daytime hours. 


The nighttime extreme arises from the difference in long wave radiative cooling of the road 
and forest. The road will radiate more heat in a shorter period of time causing the air immediately 
over the road to become colder than the air in the forest. The outcome of this will be colder air 
moving downwards over the road pushing air from the road towards the forest. This can produce 
effects such as increased occurrences of frost near the roadway. Above the valley walls, a similar 
regime currently exists, which results in cold air drainage into the valley and cooling of the forest 
from the upper edge. The proposed highway represents an additional source of cold air on clear 


nights. 
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Three profiles of the valley were prepared which show the extent and classification of 
vegetation at the present time and that expected immediately after construction of the expressway. 
These profiles are presented in Appendix D, with a description of the typical vegetation for each 
classification. Profiles were analyzed using the thermal model, taking into account the width and 
classification of surface cover. Variations in thermal characteristics of the surface were taken into 


account by calculating a weighted average surface condition. 
The following scenarios were modelled: 


1) summer daytime hours with clear skies, light winds, strong insolation and two traffic 
loadings: predicted peak traffic flow and zero traffic flow. (Hourly meteorological data for 


July 30, 1994 was used); and 


11) spring or autumn nighttime hours with clear skies, light winds and two traffic loadings: 
predicted peak traffic flow and zero traffic flow. (Hourly meteorological data for April 16, 
1995 was used). 


Results are summarized in Table 2 which shows the distance downwind of the roadway to 
which temperature changes in excess of +0.25°C may occur near the ground. The threshold of 
+0.25°C was an arbitrary choice for the purpose of summarizing the results and does not have any 


special significance otherwise. 


As can be seen in Table 2, the worst case maximum increase in temperature during the 
daytime results from heat generated by traffic, rather than solely by meteorological conditions. If 
traffic were neglected, then the estimated effects would extend about half as far into the local 
ecosystem. Traffic-free nighttime conditions, when cooling is expected, could result in a 0.25°C 
temperature change near the ground, as much as 100 meters beyond the roadway. Increased traffic 
flow would actually reduce the cooling effect at night. Figures 3.1 to 3.6 show the maximum 
predicted temperature change as a function of distance from the center of the road for each of the 


three analyzed valley cross-sectional profiles for both peak traffic and no traffic conditions. 
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Table 2: Maximum Extent of Thermal Effects Downwind from Center of Road 
(Estimated temperature change of greater than 0.25 C) 


Roadway Peak Spring/Autumn Nighttime 


Cross- i Traffic 
Section IDt Volume Distance from Center of Road Distance from Center of Road 


(veh/hr) 


Peak Traffic No Traffic Peak Traffic No Traffic 


tSection ID relates to the station number and distance as shown on: 
“Region of Hamilton-Wentworth Impact Assessment and Design Process; March 17, 1998 Concept” 
*Road width is defined as the amount of asphalt estimated for the Cross-Section. It does not include the median 


With peak traffic volumes during summer daytime conditions, the maximum off-site 
temperature rise near the ground is predicted to be about 2.5°C, which occurs at the edge of the 
roadway (Cross-Section 23+350). Predicted temperature changes in excess of 0.25°C occur to a 
distance of about 200 m from the roadway (cross-section 27+025). With no traffic on the RHCE, 
the temperature rise at the edge of the roadway is predicted to be about 1.5°C (Cross-Section 


23+350). 


For the Spring and Autumn nighttime periods (Figures 3.4 to 3.6) a maximum decrease in 
temperature of about 2°C is predicted at the road’s edge (Cross-Section 23+350), when no traffic is 
present. Changes in excess of 0.25°C could extend as far as 200 m from the roadway (Cross-Section 
27+050), again if the valley were sufficiently wide. With traffic present, the maximum downwind 


cooling is about 0.25°C adjacent to the roadway (Cross-Section 27+050). 
Relative humidity is a function of absolute humidity levels and temperature, and responds 


inversely to temperature. Therefore, as the ambient temperature increases over the roadway surface, 


relative humidity will decrease. 
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Figure 3.1: 
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Predicted temperature changes at Roadway Cross-Section 23+350 as a function of 
distance from the road center resulting from the Red Hill Creek Expressway, during 


summer daytime conditions. 
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Figure 3.2: Predicted temperature changes at Roadway Cross-Section 26+400 as a function of 
distance from the road center resulting from the Red Hill Creek Expressway, during 
summer daytime conditions. 
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Figure 3.3: Predicted temperature changes at Roadway Cross-Section 27+025 as a function of 
distance from the road center resulting from the Red Hill Creek Expressway, during 
summer daytime conditions. 
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Figure 3.4: | Predicted temperature changes at Roadway Cross-Section 23+350 as a function of 
distance from the road center resulting from the Red Hill Creek Expressway, during 
Spring or Autumn nighttime conditions. 
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Figure 3.5: Predicted temperature changes at Roadway Cross-Section 26+400 as a function of 
distance from the road center resulting from the Red Hill Creek Expressway, during 
Spring or Autumn nighttime conditions. 
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Figure 3.6: | Predicted temperature changes at Roadway Cross-Section 27+025 as a function of 
distance from the road center resulting from the Red Hill Creek Expressway, during 
Spring or Autumn nighttime conditions. 
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4. MITIGATION 
4.1 Tree Planting 


Although the thermal impact from the Red Hill Creek Expressway on the Cities of Hamilton 
and Stoney Creek is expected to be insignificant, there still exists the cumulative impact of 
incremental changes to the urban environment. Other urban development may occur in the future 
that, in combination with the expressway, would lead to a more significant effect. To avoid such an 
accumulation of incremental effects, it is desirable to minimize the incremental effect in the present 
case to the extent possible. These incremental changes have been accumulating since the 
introduction of urbanization in the area, and the removal of trees in the Red Hill Creek Valley will 
add to it. Replanting trees both within and beyond the valley will help to alleviate this effect. The 
post-construction Landscape Management Plan (LMP) has not yet been fully developed. A generic 
and conceptual forecast can only be made at this time. Some comments are provided in Appendix 


1B). 
4.2 Storm Water Ponds 


The increased availability of water enhances evaporation, and the associated uptake of latent 
heat provides a daytime cooling effect near water bodies. Water bodies also tend to retain heat at 
night which can help to locally mitigate cooling effects due to radiative heat loss on the roadway 
surface. Consequently, the planned storm water ponds and flood plain areas are desirable features 


from the standpoint of thermal impact. 
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5. CONCLUSIONS 


Assessment of the “worst case” thermal impacts related to the construction and operation of 
the Red Hill Creek Expressway has been performed. It is predicted that the regional impacts on the 
thermal structure will be essentially imperceptible. It is also expected that the thermal effects within 
the local microclimate of the Red Hill Creek Valley will be minor and within only a limited extent. 
During daytime conditions, temperature leve!s were predicted to increase by a maximum of about 
2.5°C at the roadway edge location, and cause a temperature change in excess of 0.25°C up to 150 
m from the roadway. Under clear nighttime conditions, temperature levels are predicted to decrease 
by a maximum of 2.0°C at the roadway edge with the effects being detectable up to 200 m from the 


roadway. This may result in an increase in the penetration of frost into the forest. 


Large scale regional effects, although predicted to be small, are incremental and will 
contribute to the already modified thermal structure in the urban area. Mitigation of regional effects 
is possible by a properly designed and implemented plan for the planting of trees and vegetation, 


both within the Red Hill Creek Valley as well as in the Cities of Hamilton and Stoney Creek. 
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Albedo 


Absorption 


Advection 


Black Body 


Convection 


Emissivity 


Heat Capacity 


Irradiation 


Latent Heat 
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APPENDIX A 


Glossary of Meteorological and Thermal Terms 


The ratio of the amount of solar radiation reflected by a body to the amount 


incident upon it. 


The process in which incident radiant energy is retained by a substance. 


Transport of heat and mass by horizontal motion in the atmosphere. 


A hypothetical body which absorbs all of the radiation striking it ( i.e., 
allows no reflection or transmission), and whose emissivity is equal to 1.0 


(i.e., a perfect radiator, by definition) 


Mass motions within a fluid resulting in transport and mixing of properties 
(e.g., energy and mass). Usually restricted to predominantly vertical 
motion in the atmosphere. If the state of the atmosphere is conducive to 


free convection, it is said to be unstable. 
The ratio of the total radiant energy emitted per unit time per unit area of 
a surface at a specified wavelength and temperature to that of a black body 


under the same conditions. 


The amount of heat absorbed (or released) by a unit volume of a system for 


a corresponding temperature rise (or fall) of 1 degree. 


Total radiant energy per unit time received by unit area of a given surface. 


The heat released or absorbed per unit mass by a system that is changing 


phase (i.e., from solid to liquid, liquid to gas, etc.) 


RWDI 


Long-wave Radiation Radiation originating from terrestrial sources (e.g., earth, water, air, etc.), 


whose wavelength is typically within the range 3.5 to 100 um. 


Radiant Energy The energy of any type of electromagnetic radiation. 


Sensible Heat Heat energy able to be sensed (e.g. with a thermometer). Used in contrast 


to latent heat. 


Short-wave Radiation Radiation originating from the sun, whose wavelength is typically within 


the range 0.15 to 3.5 um. 


Solar Heat Gain Heat gained by a surface from incoming solar radiation being absorbed. 
Solar Insolation Daily time integral of solar radiation. 
Specific Heat The amount of heat absorbed (or released) by a unit mass of a system for 


a corresponding temperature rise (or fall) of 1 degree. 


Thermal Admittance A surface property that determines the ability of the surface to take up or 
release heat. It is equal to the square root of the product of thermal 


conductivity and heat capacity. 
Thermal Conductivity A measure of a substance’s ability to conduct heat by molecular motion. 
Thermal Diffusivity | The ratio of the thermal conductivity to the heat capacity of a substance. 


It determines the rate of heating due to a given temperature distribution in 


a given substance. 
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APPENDIX B 
Land Use Classification Data Provided by: 


Geomatics International Limited & Dougan & Associates 


B1) Data Provided by Geomatics International Limited 


Classification of Landsat TM Data, Regionel Municipality of Hamilton-Wentworth 


General Information 


A Landsat image is represented by a matrix of numbers that range from 0 to 255. These 
values are portrayed on a grey scale where 0 is black, and 255 is white. Each feature on the earth’s 
surface will uniquely reflect or absorb light. The more light that is reflected, the higher the number 
and hence the brighter the area is on the image. If light is absorbed, the lower the number and the 
darker the area on the image. Hence, a matrix of numbers is used to produce a black and white 


image that was acquired at a specific wavelength. 


The Landsat TM satellite simultaneously collects several images at different wavelengths 
over the same area. When three images are put together, a false coloured image is produced. The 
analyst understands how certain features reflect light and can use this information to group the 
numbers in the image into a group of desired classes. 

Each number of the image matrix represents an area on the ground that is 25 x 25 metres. 
All information in a specific 25 x 25 m square is combined to produce only one number for the 
image matrix. This 25 x 25 m square represented by a single digital number, is referred to as a pixel. 
Usually the most common element in the pixel area will take precedent. For example, a small creek 
with overhanging trees will look like trees and water will not be seen. An area with buildings and 


one tree will look like the buildings. 
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A detailed description of the classification scheme used to classify the Regional Municipality 


of Hamilton-Wentworth is provided below. 
Classification Scheme 


1. Water 
An area of water that is at least 25 x 25 m in size. Narrow creeks and streams are extracted 
from hydrology vectors obtained from OBM 1:10 000 base maps (supplied by Cartologix) 
and coded into the image. Actual widths are not observed. (Note: the portion of Hamilton 


Harbour that belongs to the Regional Municipality of Hamilton-Wentworth is also included). 


2. Deciduous Forest 
Broadleaf trees or tall shrubs dominate the 25 x 25 m pixel. Single, stand alone trees will 


not be classified. 


3. Coniferous Forest 
Coniferous trees dominate the 25 x 25 m pixel. Single, stand alone trees will not be 


classified. 


4. Grassed Areas 
Extensive areas of grass either large lawns, parks, golf courses, playing fields, wide road 
buffers. Small lawns within a residential neighbourhood are more likely to get combined 


with the surrounding buildings. Also includes areas that may contain sparse trees or shrubs. 


5. Downtown Core Area 
The downtown core of a city where buildings are more than 3 stories in height. This class 
will usually include all sidewalks, roads, parking lots, trees and grasses unless these features 


are large enough to warrant discrimination. 
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6. Industrial /Commercial /Institutional 
Industrial parks and commercial areas within a city or town. Also included are schools, 
hospitals, cemeteries, recreational facilities (buildings). Will include sidewalks, driveways, 


and parking areas. 


7. Residential 
Residential areas, buildings usually less than 3 stories. Includes all sidewalks, road edges, 
driveways, parking areas, small lawns and individual trees. Only larger clumps of trees 


and/or grasses are discriminated. 


8. Agricultural Land 


Land used for agricultural activities. Farmsteads are included in this class. 


9. Wetlands 
Natural wetland vegetation is present. Wetlands were derived both from Landsat TM 
imagery. (One wetland polygon was supplied by Cartologix. It was located in the same area 
as that which was classified from the Landsat TM however, boundaries are slightly different, 


therefore, the Landsat TM derived wetland was maintained.) 


10. Roads 
Roads are extracted from 1:50 000 digital mapping and hard coded into the image. Actual 
widths are not observed and were encoded as 25 m in width. Multiple lane (i.e., QEW, were 
encoded as 25 m width for each direction). Note that sidewalks, driveways, and parking lots 


are not included. 


11. Naturally Barren Surfaces 


Large areas of bedrock. 
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12. Open Areas 


Open areas such as gravel pit, quarries, land fills, and junk yards. 


13. Under Construction. 


Lincoln Alexander expressway that was under construction in 1997, 


Masks Used For Statistic Generation 


Vector coverages, obtained from Cartologix, were used to create masks that were in turn used 


to generate land cover statistics. Vector coverage included: 


Red Hill Expressway limit; 

Red Hill Expressway limit plus a 50 m buffer; 

Municipal boundaries for Hamilton, Stoney Creek, and the Regional Municipality of 
Hamilton-Wentworth; and 


Hydrology. 


Geomatics International Limited created the mask for the "delineation of Red Hill Valley 
Boundaries" that could be used for statistic generation. The following summarizes how the Red Hill 
Valley was outlined. This description will assist you in knowing the area that was included as part 


of the Red Hill Valley. 


At the south end, create the eastern boundary of the valley. Start at Mud Street, and follow 
the Stoney Creek city limits around Glendale Golf Course and Country Club; cross Mt. Albion Road 
and use the 30 m buffer of the expressway all the way to Brampton St. (near QEW) at the north end. 
Create the western boundary by continuing to use the 30 m expressway buffer to just north of 
Highway 8. At this point use a contour interval to the King’s Forest Golf Course. At this point the 
top of the escarpment, which follows Mountain Brow Blvd., is used as the western and southern 


limit of the valley and it meets up with Mud Street. 
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B2) Data Provided by: Dougan & Associates 


The Study Area is bound by Mud Street to the south and Brampton Street to the north; 
between Brampton Street and Greenhill Avenue the east and west boundaries are formed by the Red 
Hill Creek valley; Between Greenhill Avenue and Mud Street, the western boundary is formed by 
Red Hill Creek; the eastern boundary is formed by Glencastle Drive, Glencastle Golf Course and the 


City of Stoney Creek boundary 


The Direct Impact Zone includes all lands that will be subject to clearing and/or grade 
modification, either from expressway construction, creek realignment work or infrastructure related 


works (i.e. stormwater management facilities) 
The Indirect Impact Zone includes all lands within 50 m of the Direct Impact Zone. 


Vegetation Community & Habitat Types are comprised as follows (for further details refer 
to the [ADP Technical Report): 


Agricultural - Cultivated fields, Nurseries and Orchards 

Anthropogenic Open Space - Maintained Lawn, Recreational Areas, Ornamental Plantings 
Anthropogenic Woodland/Forest - Plantations, Cultural Woodlands and Non-Native Forests 
Aquatic - Open and Shallow Water Wetlands 

Natural Woodland/Forest - Upland, Lowland, Cliff, Talus and Floodplain Forests and Woodlands 
Shoreline - Beach Bars 

Successional - Old Field, Shrub Thickets, Regeneration Areas 

Wetland - Meadow Marsh, Shallow Marsh, Swamp Forest 
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APPENDIX C 


~ 


APPENDIX C 
RWDI Thermal Model 


1. List of Symbols 


pee) 


=| 


a 
ie) 


— a 


ue cians ences 


= or 


ac) 
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7 eS 
oa 
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solar absorptance 

surface area (m”) 

cloud opacity 

specific heat of surface layer (J/kg K) 

specific heat of air at constant pressure (J/kg K) 
line source emission rate (W/m) 

vehicle energy consumption rate (J/vehicle-m) 
ambient relative humidity (%) 

coefficient of convective heat transfer (W/m? K) 
convective heat transfer (W) 

unit daytime solar heat gain under clear skies (W/m’) 
daytime solar heat gain (W) 

total heat flux from the roadway to the air (W/m‘’) 
vehicle heat output (W) 

Chilton-Colburn j-factor 

thermal conductivity of air (W/m K) 

thermal conductivity of surface layer (W/m K) 
width of road section (m) 

absolute viscosity of air 

vehicle traffic volume (vehicles/s) 

partial pressure of water vapour in the air (Pa) 
conductive heat transfer within surface layer (W) 
air density (kg/m’) 

density of surface layer (kg/m) 


Stefan-Boltzmann constant for black body radiation (W/m* K*) 
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0, = standard deviation of Gaussian dispersion in vertical direction (m) 


At = incremental time interval (s) 

AT = change in temperature during time At (K) 

AT, = change in temperature at distance x downwind (K) 
ie = air temperature (K) 

le = temperature at core of surface layer (K) 

Ty = temperature of cloud base (K) 

Ty = temperature at lower bound of surface layer (K) 
tee = temperature at upper bound of surface layer (K) 

U = mean wind speed (m/s) 

V = mean vehicle speed (m/s) 

Ve = volume of surface layer core (m’) 

W = heat transfer through long-wave radiation (W) 
Wi, == mean wind angle relative to roadway (degrees) 

Xy = conductive heat flow path length within surface layer (m) 
[Tp] = concentration of thermal plume (J/m*) 
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2. Heat Transfer Equations 


(1) Conduction Within Road Surface Layer 


k, A 


aay dele a (1) 


(11) Night-time Longwave Radiation 


Upward 


W=AoT,?* (2) 


We =o Ts (3) 


Downward: clear sky 


P 
Depa al etc (4) 
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(111) Convective Heat Transfer at Surface Layer 


H,=h(T, -T,)A (5) 
where h = j,, p C, u ( KIC, Mm ie (6) 


(iv) Daytime Solar Heat Gain 


ve fe A-aee (7) 
(v) Vehicle Heat 
ek 7 Ey N L (8) 


(vi) Heat Balance Equation 


Wd 
le ee ee a Pee, (9) 


3. Thermal Dispersion Equations 


Been ah (10) 
Ee Hel (11) 
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where: 0, = 0.24 x (1+0.001x)'” for convective atmospheres 
6, = 0.08 x (1+0.0015x)'” for stable atmospheres 


x = downwind distance (m) 


4. Constants 


) = 5.6697 x 10° W/m? k* 

in = 0.002 

0 = 1.28 kg/m? 

C, = 1004 1/Kkg 

k, = 0.0240 W/m Kk 

LL = 1.8x10° 

A = 1m = 

L = 1m 

L, = 3.34x 10° J/kg 
= 4218 Ike K 

o, = 100 kg/m? 
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5. Sources of Information 
ASHRAE Handbook, 1/985 Fundamentals, SI Edition. 


Atmospheric Science, and Introductory Survey, J.M. Wallace and P.V. Hobbs, 1977 (Academic 


Press) 


Atmospheric Thermodynamics, J.V. Iribarne and W. L. Godson, 1973 (D. Reidel Publishing 
Company) 


Principles of Heat Transfer, F. Kreith, 1973 (Intext Press). 


Handbook of Snow - Principles, Processes, Management and Use, Ed. by D.M. Gray and D. H. Male, 
1981 (Permagon Press). 


The State of Canada’s Environment, Government of Canada, 1991. 


Introduction to Internal Combustion Engines Second Edition, R. Stone, (Society of Automotive 


Engineers, Inc.) 


BOSCH Automotive Handbook First English Edition, 
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APPENDIX D 


APPENDIX D 
Representative Cross Valley Profiles 
Provided by: Dougan & Associates 


Ecological Consulting Services 
Descriptive Information to Accompany Cross Valley Profiles 


Mature Deciduous Forest — These forest communities are associated primarily with the steep dry 
slopes of the Red Hill Creek valley. Canopy tree species include Red Oak, Sugar Maple, Hickory, 
Ash and Elm. Canopy height ranges from 15 to 20 m. Understorey species consist of Sugar Maple, 
Ash, Chokecherry, Buckthorn and Honeysuckle. Groundcovers consist primarily of spring ephemeral 


species. 


Immature Deciduous Forest — These forest communities are associated with the disturbed slopes 
of Red Hill Creek valley. Canopy tree species include immature Ash, Elm, Poplar, Basswood and 
Manitoba Maple. Canopy height ranges from 5 to 15m with the occasional larger specimen up to 
20m. The understorey is typically dense consisting of Hawthorn, Wild Grape, Honeysuckle and 


Buckthorn. 


Mature Floodplain Forest — These forest communities are associated with less disturbed areas of 
the floodplain where natural flood pulse dynamics have been conserved. Canopy tree species include 
Cottonwoods, Willows, Black Maple, Black Walnut, Manitoba Maple and Sycamore. Canopy height 
ranges from 20 to 25 m. Larger Cottonwood specimens in these mature forests can attain heights of 
up to 30 m. Understorey species consist primarily of Ash, Manitoba Maple, Willow, Honeysuckle 


and Dogwood. 


Immature Floodplain Forest — These forest communities are associated with highly disturbed areas 
of the floodplain. Canopy tree species include immature Manitoba Maple, Ash, Willow, Elm and 
Black Walnut. Canopy height ranges from 10 to 15 m. The understorey is maintained in a relatively 
open state by flood events. Understorey species include Ash, Willow, Dogwood an¢@ Manitoba 


Maple. 
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Successional Meadow — These open areas occur in sections of the valley that have been subjected 
to more recent disturbances such as those associated with the installation of various utility corridors 
(e.g., hydro, pipeline, sanitary sewers). These areas are in various stages of regeneration consisting 


of old field vegetation, shrub thickets and scattered trees. 


Cattail Marsh — These wetland communities are associated with small swale systems outside the 


valley. These wetland pockets are dominated by Cattails and Sedges. 


POST-CONSTRUCTION 


Reforestation / Rehabilitation — Plantings of deciduous trees and shrubs have been indicated in 
certain cross-sections. Please note that these are generic and conceptual. Forecasting of future 
vegetation communities is dependent upon the type and extent of plantings specified in the 
Landscape Management Plan, which is being developed by Hough Woodland Naylor Dance & 


Leister in conjunction with Dougan and Associates. 
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Rowan Williams Davies & Irwin Inc. 
Consult ing Engineers Tel: (519) 823-1311 
650 Woodlawn Road West Fax: - 
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